Abstract-With increasing consumer demand for wireless devices to support multiple air standards and applications, there have been increased trends for implementation multimode multi band (MMMB) devices in the RF front-end of wireless handsets. This paper presents a design of multi band band pass filter (BPF) in 130nm standard CMOS technology that can operates in 12 different LTE bands (band 1,2,3,4,5,8,9, 11,18, 19, 21 and 25). The filter response is tuned by employing switched capacitors in parallel with LC resonant circuit; and Q factor of the filter is tuned using cross-coupled differential pair connected across the resonant circuit. The gain of 30dB with maximum bandwidth of 145 MHz at 900MHz center frequency, 328MHz at 1.5GHz center frequency and 594MHz at 2GHz center frequency is achieved at 3.3V supply. The Q-factor of the filter is tunable through 2.1 to 8.1. The I-dB compression point (PI dB), third order intercept point (IP3), and noise figure achieved are -39dBm, -25dBm and 3.83dB respectively. The designed filter has the features of less BOM count and smaller area making it suitable for integration in modern wireless applications.
I. INTRODUCTION
With increasing demand for high data rate services such as: social networking, web browsing, video streaming, music downloads, gaming, and many other popular applications, wireless communication devices are facing the challenge of supporting multiple air interface technologies such as HSPA, HSPA+, WCDMA and LTE (multimode). Also, with growing number of frequency bands used in different geographies around the world and to facilitate international roaming these devices are required to operate on number of frequency bands (multiband). Thus, the market for RF front-end components is growing rapidly driven by adoption of multimode, multiband handsets and modems [1] [2] .
Smartphone nowadays need to support up to five 3G frequency bands and up to three 4G frequency bands[I] [3] . The trend toward supporting multiple air interfaces (multimode) and the trend towards supporting increasing number of frequency bands (multiband) per mode are driving an increase in the mobile device RF front-ends [4] [I]. Though compatible with silicon technology, the achievable tunability of BA W filter is limited as its center frequency is sensitive to thickness variation of the piezoelectric material.
Moreover, it suffers from frequency drift for temperature variation, thus requmng extra frequency stabilization mechanism such as PLL or envelope detection [5] . Gm-C filters are tunable, but they are common only in lower frequency applications, as their linearity performance deteriorates at higher frequencies [6] [7] . The tunable LC band pass filter at 800MHz band demonstrated in [8] provides a low value of pass band gain, and at higher Q it exhibits ripples in the pass band. The Q enhanced tunable LC filter presented by 
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III. SIMULATION RESULTS
The designed multiband BPF is simulated using the Cadence Spectre tool in the Silterra 130nm CMOS process.
The performance evaluation was carried out using a simulation test bench as shown in Fig. 8 . The balun at the input is used for converting the single-ended input signal into balanced output signal to be fed to the test circuit; and similarly, the balun at the output of the filter combine the differential output signals from
the filter into single-ended signal to the load circuit.
The simulated frequency response of the filter is shown in gain and 594MHz bandwidth covering the LTE bands 1, 2, 3, 4, 9 and 25. It is to be noted that the bandwidth of the filter at 2000MHz band is higher than that in the 900MHz band. This is because the inductor has low Q-factor at higher frequencies than at low frequencies. In the same way, the gain of the filter at higher frequencies is lower than at low frequencies. Hence to achieve almost equal gain throughout the three frequency bands, the design employed six transistors of different W /L ratio in the casco de Gm-cell as in the filter schematic of Fig. 7 .
The achieved Q-tuning ability of the filter is shown in Higher the Q-control voltage higher the Q-factor obtained as evident from the results. The Q-control voltage applied to the current source MOSFET pairs M5 and M6 (in Fig.7 ) increases the negative transconductance of differential pairs M7 and M8.
[t is to be noted that the Q-tuning circuit have been connected parallel to the LC tuned circuit. Therefore, if GL represents the loss transconductance of the tuned circuit and -Gn represents the negative transconductance offered by the Q-tuning circuit then the equivalent transconductance decreases as given by eqn. (7). Therefore, the effective Q-factor of the tuned circuit becomes as given by eqn. (8) , which shows clearly that the decrease in equivalent transconductance will increase the Q factor.
... (7) ... (8) The figure of merit for linearity in RF circuits is the point at which the nonlinear terms alter the linear term's gain by IdB.
From the results in Fig. 15 , the I-dB compression point (PldB) 
Frequency[GHz] Fig. 9 . Gain versus frequency of the proposed multiband band pass filter for 010203=100 which covers the LIE bands 5,8,18 andl9. 
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Pin[dBm] A summary of performance comparison of the designed multiband filter is shown in the Table 3 . The proposed filer is capable of operating in wider center frequency range covering number of L TE bands besides wider bandwidth, higher gain and lower noise figure.
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IV. CONCLUSION
The development of L TE and next generation wireless technology imposes the importance of multiband filter at the front-end of the receiver. A multiband second-order active LC band pass filter that can operate in twelve L TE bands is designed, simulated and its performance analysed. The Q factor of the filter, which would have been low due to high losses associated with the series resistance of the on-chip inductors, has been enhanced by implementing Q-control circuitry; and the same circuitry was used for making the Q tunable through 2.1 to 8.1. Frequency tunability is achieved using an array of switches which can be selectively biased to include appropriate capacitors across the parallel tuned circuit.
The I-dB compression point (P I dB), third order intercept point (IP3), and noise figure achieved are -39dBm, -25dBm and 3.83dB respectively. The designed filter has the features of less
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BOM count and smaller making it suitable for integration in the modern wireless applications.
